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© A liquid-crystal display apparatus which im- 
proves horizontal and vertical resolutions and is ca- 
pable of displaying a high-quality image free from 
flicker is provided. Pixels of each color are arranged 
in a delta form, color selected from the pixels of 
each color is connected to a column data line, at 
least one memory circuit is disposed in correspon- 
dence with the selected color, and image information 
is supplied to each pixel in such a way that the 
image information is distributed to the upper and 
lower portions of the column data line. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a liquid-crystal 
display apparatus and a method of driving the 
same liquid-crystal display apparatus. More par- 
ticularly, the present invention relates to a liquid- 
crystal display apparatus which is capable of dis- 
playing a high-quality image and a method of driv- 
ing the same liquid-crystal display apparatus. 

Description of the Related Art 

In recent years, liquid-crystal display ap- 
paratuses which can be formed into thin ap- 
paratuses as display elements and which use liq- 
uid-crystal display elements which consume a 
small amount of power have come to be increas- 
ingly practical. 

An explanation will be given below of a color 
liquid-crystal display apparatus and a method of 
driving the same liquid-crystal display apparatus 
with reference to the drawings. 

Fig. 1 (a) is a schematic block diagram illustrat- 
ing an example of a color liquid-crystal display 
apparatus, and Fig. 1(b) is a schematic view illus- 
trating the color arrangement of a filter thereof. In 
Figs. 1(a) and 1(b), reference numeral 10 denotes a 
liquid-crystal display element; reference numeral 
11 denotes a switching transistor, such as a thin 
film transistor (TFT), in which amorphous silicon or 
polysilicon is used in a semiconductor layer; refer- 
ence numeral 12 denotes a pixel electrode; refer- 
ence numeral 13 denotes a row control line; refer- 
ence numeral 14 denotes a column control line; 
reference numeral 20 denotes a vertical scanning 
circuit (V-SR); reference numeral 30 denotes a 
horizontal scanning circuit (H*SR); reference nu- 
meral 40 denotes a signal processing circuit; and 
reference numeral 50 denotes a control circuit. In a 
filter 15 shown in Fig. 1(b), R designates red, G 
designates green, and B designates blue. This filter 
15 corresponds to the pixel electrode 12 in this 
order of color arrangement. 

As shown in Fig. 1 (a), the liquid-crystal display 
element 10 has switching transistors 11 for each 
pixel. The switching transistors have a great num- 
ber of pixels such that the source (or drain) is 
connected to the column data line 14, the drain (or 
source) is connected to the pixel electrode 12, and 
the gate is connected to row control line 13. The 
pixel electrodes 12 are arranged in horizontal and 
vertical lines, and in correspondence with this ar- 
rangement, the colors in the filter 15 are arranged 
in horizontal and vertical lines. 

The row control lines 1 3 are each connected to 
the vertical scanning circuit 20, and the column 



control lines 1 4 are each connected to the horizon- 
tal scanning circuit 30. A signal from the control 
circuit 50 is input to each of the vertical scanning 
circuit 20 and the horizontal scanning circuit 30. 

5 Further, a signal having image information is input 
from the signal processing circuit 40 to the horizon- 
tal scanning circuit 30. 

Pulses are in turn applied from the vertical 
scanning circuit 20 to the row control lines 13 at 

70 every horizontal scanning period so that the switch- 
ing on/off of the switching transistors 11 for the 
respective adjacent pixels is controlled. The color 
signals R, G and B from the signal processing 
circuit 40 are in turn selected by the horizontal 

T5 scanning circuit 30 and supplied to the column 
control line 14. The control circuit 50 drives and 
controls the vertical scanning and horizontal scan- 
ning of the display apparatus, and the signal pro- 
cessing circuit in accordance with the operation of 

20 the system. 

Fig. 2 shows a method of inputting color sig- 
nals in the case of the color filter arrangement 
shown in Fig. 1 . In the color filter shown in Fig. 1 , it 
is necessary to input signals in the order of R, G 

25 and B for one pixel line when seen from the 
column data line 14. Therefore, the color signals of 
signal lines 31 , 32 and 33 are switched by a color 
switching circuit 41 for each line. 

Therefore, the signals having color information 

30 for each of R, G and B from the signal processing 
circuit 40 are distributed into signals having color 
information corresponding to each filter 15, and 
then input to the signal lines 31, 32 and 33. A 
switching element 16 is turned on/off by the hori- 

35 zontal scanning circuit 30, thereby supplying a 
signal having color information corresponding to 
the pixel connected to the column data line 14. 

However, in the case of Fig. 1, since the same 
color filters are arranged obliquely, the image is 

40 obliquely seen as a color and a line, and the image 
quality is deteriorated. Also, since a color switching 
circuit is necessary, it has been considered to 
prevent the image quality from being deteriorated 
and to construct the apparatus by using a small 

45 number of circuits. 

An example of the above will be explained 
below with reference to Fig. 3. In the example 
shown in Fig. 3, to solve the problem of the above- 
described image deterioration, the odd-number and 

so even-number columns of the pixel columns con- 
nected to the row control lines 13 are each re- 
peated in the filter order of the same colors, and 
the repeat unit of the color filters arranged in the 
even-number columns is shifted by 1£ pixels from 

55 the odd-number columns, i.e., a so-called delta 
arrangement. 

In the column data line 14, pixels arranged in a 
staggered form are connected in units of the same 
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colors. When this is done, the horizontal spacing 
frequency becomes twice improved and the resolu- 
tion is improved when seen from the pixels in 
adjacent lines. Also, since the lines of the same 
colors are connected to the column electrode lines, 
the color switching circuit becomes unnecessary. 
Further, since the pixels of the same color are not 
arranged obliquely, the problem of the oblique col- 
or lines can be eliminated. 

The arrangement shown in Fig. 3 as described 
above is used for a simplified electronic view finder 
(EVF) for field display, formed of about 230 pixels. 
In a field display of a display element which does 
not have such a high resolution as above, if the 
pixel sampling at every horizontal scanning is per- 
formed shifted by l£ pixels, it is possible to make 
an image display free from problems. 

Fig. 4 is a block diagram illustrating another 
example of an active matrix type color liquid-crystal 
display apparatus. Reference numeral 410 denotes 
a display element section; reference numeral 420 
denotes a vertical scanning circuit for vertically 
scanning the display element section 410; refer- 
ence numeral 430 denotes a sampling circuit for 
sampling input image signals and outputting them 
to the display element section 410; and reference 
numeral 440 denotes a horizontal scanning circuit. 

The unit pixel of the display element section 
410 is formed of a switching transistor 411, a liquid 
crystal and a pixel holding capacitance 412. The 
gate of the switching transistor 41 1 is connected to 
the vertical scanning circuit 420 through a gate line 
413, and the input terminal of the switching transis- 
tor 411 is connected to the sampling circuit 430 
through a vertical data line 414. The other terminal 
of the pixel holding capacitance 412 is connected 
to a common electrode line 41 2-A, to which termi- 
nal a common electrode voltage V LC is applied. 

Color signals (red, blue, green) are supplied 
from a signal processing circuit 450 to the input of 
the sampling circuit 430. The signal processing 
circuit 450 performs gamma processing in which 
liquid crystal characteristics are taken into consid- 
eration, inverted signal processing for making the 
liquid crystal have a longer service life, and other 
processing on input image signals. In a control 
circuit 460, necessary pulses are formed which are 
supplied to the vertical scanning circuit 420, the 
horizontal scanning circuit 440, the signal process- 
ing circuit 450. and the like. 

Fig. 5 is an equivalent circuit diagram of the 
display element section 410 and the sampling cir- 
cuit 430. Each line is formed in the display element 
section 41 0 in such a way that R. G and B pixels 
corresponding to the different three colors red, 
green and blue are repeatedly arranged horizon- 
tally in sequence in the order of R, G and B, and a 
plurality of pixel lines arranged vertically are pro- 



vided therein. The pixel positions of the same 
colors are shifted by 1.5 pixels between the adja- 
cent lines. That is, the pixels (R, G and B) are 
arranged in a delta form, and pixels of the same 
s colors are connected to each data line 414 (dl, d2 
•) at every other line at both sides of the vertical 
data line 414. The sampling circuit 430 comprises 
switching transistors SW1 , SW2 and capacitance 
(the parasitic capacitance and pixel capacitance of 
70 the vertical data lines). When the gates of the 
switching transistors SW1, SW2 - are driven by 
pulses hi , h2 - from the horizontal scanning circuit 
440, respectively, the signal of each color of an 
input signal line 416 is transferred to each pixel 
75 through the data line 414 (d1. d2 -) and written. 
The selection of a row at that time is controlled by 
vertical pulses £g1 and <#>g2 - from the vertical 
scanning circuit 420. 

Fig. 6 is an illustration of an interlace scanning 
20 in a liquid-crystal display apparatus having the 
same number of vertical pixels as that of a televi- 
sion. The pixels of each row (hereinafter referred to 
as row pixels) in the display element section are 
made to correspond to the vertical pulses <f>g1 and 
25 4>g2 and designated by symbols g1, g2 In the 
odd-number fields, the signal of the horizontal 
scanning line oddl is written in row pixels g2 and 
g3, and similarly the signal of the horizontal scan- 
ning line odd2 is written in row pixels g4 and g5. 
30 The row pixels are driven in units of two rows for 
odd3 and subsequent scanning lines. In the even- 
number fields, the scanning combination is shifted 
by one line, and the signal of evenl is written in 
row pixels g3 and g4. Similarly, the subsequent 
35 signals are written in units of two rows. 

An example of a drive timing in a case in which 
the scanning example of Fig. 6 is applied to the 
example of Fig. 4 is shown in Fig. 7 (this drive 
method is called a two-line simultaneous drive) . In 
40 the scanning line oddl in the odd-number field, the 
vertical pixels g2 and g3 corresponding to the row 
pixels g2 and g3 reach "H" (high state), causing 
each of the switching transistors 411 of that row 
pixel to conduct Thus, the image signals sampled 
45 in sequence by the sampling circuit 430 are written 
in each pixel of row pixels g2 and g3. This sam- 
pling is performed in the "H" period of the horizon- 
tal scanning pulses hi, h2 The scanning of odd2 
and subsequent scanning lines is similarly per- 
50 formed. 

In recent years, there has been an increasing 
demand for a liquid-crystal display element used, 
in particular, in an EVF or a liquid-crystal projector 
to have a higher resolution image. In an EVF or a 
55 liquid-crystal projector, for example, a panel having 
vertical 460 pixels or more is under development to 
obtain a higher resolution image. When television 
signals are displayed on a panel having vertical 
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460 pixels, as described above, first an interlace 
drive is considered. When alternating inverted drive 
is performed at a frequency of 30 Hz in interlace 
drive, a flicker of 15 Hz is generated. To reduce 
this flicker, it is necessary to drive each pixel at 60 
Hz, i.e., a field frequency. 

Accordingly, when field drive is performed in 
the construction shown in Fig. 2, a method of 
simultaneously driving two rows of pixels as in the 
example described above is conceivable. Although 
flicker can be reduced by a two-line simultaneous 
drive, the horizontal resolution is deteriorated since 
the same sampling signal is applied to pixels shift- 
ed by 1 .5 pixels between two rows. 

According to the two-line simultaneous drive, 
since the same sampling signal is written in the 
pixel separated spatially by 1.5 pixels of the two 
rows of pixels which are driven simultaneously, the 
drive method is simple. However, the sampling 
frequency is not improved, and color moire occurs 
at a low resolution. Also, the pixel-shifted arrange- 
ment in which the pixels are shifted by 1.5 pixels 
horizontally exerts an adverse influence such that 
the edge of the image is displayed zigzag by the 
driving on the basis of the combination of row 
pixels shifted by one line between the odd-number 
fields and the even-number fields. 

Since the pixels of three colors (R, G and B) 
are sampled in a point sequential manner by the 
horizontal scanning pulses hi, h2 and h3, the drive 
frequency becomes high to a greater extent in the 
panel having a great number of pixels. For exam- 
ple, on a panel having about 600 horizontal pixels 
in an NTSC system, the sampling frequency for 
two rows in which the pixel-shifted arrangement is 
taken into consideration becomes about 20 MHz. It 
is required in the Hi-Vison display that the number 
of horizontal pixels be 1 ,500 or more. In that case, 
the sampling frequency becomes about 50 MHz or 
more. Even in a current TFT liquid crystal, the 
drivable frequency is 10-odd MHz. Therefore, a 
plurality of scanning circuits are required to drive a 
panel having a great number of pixels. 

In this way. the two-line simultaneous (field 
shifted) drive method described above could dete- 
riorate the resolution. Also, since the horizontal 
drive frequency is increased, a plurality of scanning 
circuits are required, causing a problem, for exam- 
ple, a great number of drive pulses are required, 
and the consumed electric current is increased. 

Accordingly, column electrode line connection 
shown in Fig. 8 is conceivable in order not to 
deteriorate the horizontal resolution. Fig. 8 shows 
an arrangement in which the number of the column 
data lines 14 is increased twice and the same-color 
pixels are connected together. With such an ar- 
rangement and when the sampling of two rows of 
pixels is shifted at H 1n and H 2n , it is possible to 



eliminate the deterioration of the horizontal resolu- 
tion. 

However, an increase in the wiring of the col- 
umn data lines causes the semiconductor process 
s to be complex, and the aperture ratio of each pixel 
is greatly decreased. Therefore, when forming into 
a fine structure is considered, the above construc- 
tion cannot be said an appropriate one. 

Also, a display method which displays a non- 
70 interlaced image by using a frame memory or a 
field memory is conceivable. Specifically, it is a 
double-speed scanning in which the image signal 
is doubled and the frequency of the horizontal 
scanning is made twice as high and two horizontal 
75 row pixels are driven in sequence in one horizontal 
scanning period, as shown in Fig. 9. 

An image improvement method of the above- 
described two-line simultaneous drive method in- 
cludes such double-speed scanning. However, in 
20 the double-speed scanning, a frame memory and a 
high-band signal processing IC are required, a 
large amount of costs is required, and the display 
apparatus consumes a large amount of power. 

25 SUMMARY OF THE INVENTION 

It is an object of present invention to provide a 
liquid-crystal display apparatus and a method of 
driving the same liquid-crystal display apparatus, 

30 which apparatus solves the above-described prob- 
lems and is capable of displaying a high-resolution 
and high-quality image. 

It is another object of present invention to 
provide an active matrix type liquid-crystal display 

35 apparatus and a method of driving the same liquid- 
crystal display apparatus, which apparatus is ca- 
pable of making pixels display a high-resolution 
and high-quality image, the number of which pixels 
is equal to the number of scanning lines of a 

40 television, by adding a simple circuit without using 
a frame memory. 

It is a further object of present invention to 
provide a liquid-crystal display apparatus and a 
method of driving the same liquid-crystal display 

45 apparatus which is capable of making pixels dis- 
play a high-resolution image by sampling image 
signals by a low horizontal drive frequency pulse, 
the number of which pixels is equal to or greater 
than the number of scanning lines of a television. 

50 It is still a further object of present invention to 

provide a liquid-crystal display apparatus and a 
method of driving the same liquid-crystal display 
apparatus, which apparatus is easy to switch colors 
and is capable of easily driving a high-resolution 

55 color liquid-crystal display apparatus, and in which 
colors are not mixed even if two colors are al- 
ternately placed in column data lines and which 
consumes a small amount of power because its 
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horizontal scanning circuit can be operated at a 
normal drive frequency. 

It is another object of present invention to 
provide a liquid-crystal display apparatus and a 
method of driving the same liquid-crystal display 
apparatus, which apparatus has higher horizontal 
and vertical resolution than in the prior art and is 
capable of displaying an image free from flicker. 

It is still another object of present invention to 
provide a liquid-crystal display apparatus and a 
method of driving the same liquid-crystal display 
apparatus, which apparatus is capable of obtaining 
a high-resolution image by a simple construction in 
which two image input means are provided. 

It is still a further object of present invention to 
provide an active matrix type liquid-crystal display 
apparatus and a method of driving the same liquid- 
crystal display apparatus, which apparatus con- 
sumes a small amount of power because no frame 
memory is used, has a small size and is inexpen- 
sive. 

It is still a further object of present invention to 
provide a liquid-crystal display apparatus and a 
method of driving the same liquid-crystal display 
apparatus, which apparatus is capable of lengthen- 
ing a sampling time by greatly decreasing the 
horizontal drive frequency, capable of performing a 
high-resolution display faithful to image signals, 
and capable of reducing power consumption. 

To achieve the above-described objects, ac- 
cording to one aspect of the present invention, 
there is provided a liquid-crystal display apparatus 
comprising: a plurality of pixels, arranged in a 
matrix form, each of which has a switching ele- 
ment; a horizontal scanning circuit for generating a 
signal used to sample an image signal supplied to 
the pixel; a vertical scanning circuit for selecting 
the line of the pixel; first writing means including a 
first horizontal scanning circuit disposed in one 
side of a plurality of data lines connected in com- 
mon to the rows of the pixels; a second horizontal 
scanning circuit disposed in one side of the data 
lines; a second writing means having storing 
means for storing image signals sampled by the 
second horizontal scanning circuit. 

According to another aspect of the present 
invention, there is provided a liquid-crystal display 
apparatus, wherein horizontal pixel lines in which 
pixels corresponding to different three colors are 
repeatedly arranged horizontally in sequence in a 
predetermined order are arranged vertically in a 
plurality of lines as a result of pixels corresponding 
to the same color of the adjacent lines being shift- 
ed by a predetermined amount, and adjacent two 
vertical pixels of the pixel columns which are 
formed at every other line and correspond to the 
same color are connected to the same column data 
line, a memory circuit for storing image information 



and a horizontal scanning circuit for supplying the 
image information stored in each of the memory 
circuits to the memory circuit being disposed at 
both ends of the column data lines. 

5 According to a still another aspect of the 

present invention, there is provided a method of 
driving a liquid-crystal display apparatus compris- 
ing: a plurality of pixels, arranged in a matrix form, 
each of which has a switching element; a horizontal 

70 scanning circuit for generating a signal used to 
sample an image signal supplied to the pixel; and a 
vertical scanning circuit for selecting the row of the 
pixel, the method comprising the steps of: (a) writ- 
ing image data sampled by the first horizontal 

75 scanning circuit disposed in one side of a plurality 
of data lines connected in common to the pixel 
rows at a first row of the row of the pixels; (b) 
storing image data sampled by the second horizon- 
tal scanning circuit disposed in one side of the data 

20 lines; and (c) writing the stored image data in the 
row which is the row of the pixel and is adjacent to 
the first row. 

According to a further aspect of the present 
invention, there is provided a method of driving a 

25 liquid-crystal display apparatus, wherein horizontal 
pixel lines in which pixels corresponding to dif- 
ferent three colors are repeatedly arranged horizon- 
tally in sequence in a predetermined order are 
arranged vertically in a plurality of lines as a result 

30 of pixels corresponding to the same color of the 
adjacent lines being shifted by a predetermined 
amount, and adjacent two vertical pixels of the 
pixel columns which are formed at every other line 
and correspond to the same color are connected to 

35 the same column data line, the method comprising 
the steps of: distributing information signals having 
image information to the upper and lower portions 
for each information signal corresponding to the 
colors of the pixels connected to the column data 

40 lines, and supplying the signals to the correspond- 
ing pixels. 

The above and further objects, aspects and 
novel features of the invention will more fully ap- 
pear from the following detailed description when 
45 read in connection with the accompanying draw- 
ings. It is to be expressly understood, however, that 
the drawings are for the purpose of illustration only 
and are not intended to limit the invention. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a) and 1(b) are illustrations of an exam- 
ple of a liquid-crystal display apparatus; 
Fig. 2 is an illustration of a method of driving the 
55 liquid-crystal display apparatus shown in Fig. 1; 

Fig. 3 is an illustration of another liquid-crystal 
display apparatus; 
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Fig. 4 is a block diagram illustrating another 
color liquid-crystal display apparatus; 
Fig. 5 is an equivalent circuit diagram of a 
display element section 410 and a sampling 
circuit 430 in the apparatus of Fig. 4; 5 
Fig. 6 is an illustration of an interlace scanning 
in the liquid-crystal display apparatus; 
Fig. 7 is a timing chart illustrating an example of 
drive timing when the scanning example of Fig. 
6 is applied to that of Fig. 5; ?o 
Fig. 8 is an illustration of an example of wiring of 
another liquid-crystal display apparatus; 
Fig. 9 is a timing chart illustrating an example of 
drive timing of a double-speed scanning; 
Fig. 10 is a schematic diagram illustrating an 75 
example of a liquid-crystal display apparatus in 
accordance with the present invention; 
Fig. 11 is a schematic block diagram of the 
liquid-crystal display apparatus in accordance 
with the present invention; 20 
Fig. 12 is a timing chart illustrating an example 
of a method of driving the liquid-crystal display 
apparatus in accordance with the present inven- 
tion; 

Fig. 13 is a schematic block diagram of the 25 

liquid-crystal display apparatus in accordance 

with the present invention; 

Fig. 14 is a schematic diagram illustrating an 

example of a liquid-crystal display apparatus in 

accordance with an embodiment of the present 30 

invention; 

Fig. 15 is a timing chart of each signal in the 
embodiment shown in Fig. 14; 
Fig. 16 is a schematic diagram of an embodi- 
ment in which the embodiment of Fig. 14 is 35 
modified in such a way that the connection of 
pixels to a vertical signal line is changed; 
Fig. 17 is a schematic diagram of an embodi- 
ment in which color signals are sampled si- 
multaneously for two lines of pixel columns; 40 
Fig. 18 is a schematic diagram of another em- 
bodiment in which color signals are sampled 
simultaneously for two lines of pixel columns; 
Fig. 19 is a schematic partial diagram of an 
embodiment in which three signal lines of R, G 45 
and B are formed into six signal lines via a 
delay circuit; 

Fig. 20 is a schematic block diagram illustrating 
another embodiment of the present invention; 
Fig. 21 is a schematic circuit diagram of the so 
liquid-crystal display apparatus shown in Fig. 20; 
Figs. 22(A) and 22(B) are timing charts illustrat- 
ing the drive timing of the embodiment of the 
present invention; and 

Fig. 23 is a schematic circuit diagram illustrating 55 
still another embodiment of the present inven- 
tion. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present inven- 
tion will be explained below with reference to the 
accompanying drawings. 

[First Embodiment] 

Fig. 10 is a schematic diagram illustrating a 
preferred embodiment of the present invention. 
Reference numerals 31, 32 and 33, 3V, and 32 ? 
and 33' denote each a signal line having color 
information corresponding to the filters of the pixels 
of each of the colors (R, G and B); reference 
numerals 100 and 200 denote each a memory 
circuit for sampling the signals of the signal lines 
31, 32 and 33, and 31 \ 32' and 33* and storing the 
signals, respectively; and reference numeral 300 
denotes an interlace circuit. From these elements, 
a drive signal is supplied to each pixel. Each pixel 
is provided with a switching transistor for applying 
a drive signal to a liquid crystal, a pixel electrode 
and a filter. 

As shown in Fig. 10, the pixels of each line are 
arranged repeatedly in sequence in the order of G, 
R and B, and the pixels of the adjacent lines are 
arranged shifted by 1/2 of the repeat pitch from 
each other. Namely, the above-described delta ar- 
rangement is formed. Therefore, the pixels of the 
same colors are arranged shifted by 1.5 pixels (for 
1£ pixels) between the adjacent lines. Pixels are 
connected to column data lines D1, D2, - D n in 
such a way that the colors of the corresponding 
pixels in each line become any one of a B and R, 
G and B, and R and G combination. In Fig. 10, the 
pixels are distributed so that the pixels of one of 
the colors of any set of B and R, G and B, and R 
and G are positioned in the left side and the other 
are positioned in the right side with respect to 
column data line D n . Also, a reset switch Tr-c for 
resetting the remaining charge of the column data 
lines is connected to each of column data lines D1 t 
D2, - D n . a reset pulse <t>c being applied to its gate 
line and a reset electrical potential Vc being ap- 
plied to the source. In addition, the column data 
lines D1, D2, - D n are connected to the memory 
circuits 100 and 200 for supplying a signal of each 
color. The memory circuits 100 and 200 have ca- 
pacitor arrays C1n and C2n, which are storing 
means, and transfer switch arrays Tr-T1 and Tr-T2, 
respectively. 

The transfer of signals from the memory cir- 
cuits 100 and 200 to the column data lines D1. D2. 

D n is controlled by transfer pulses <J>T1 and 4>T2 
applied to each gate of the transfer switch arrays 
Tr-T1 and Tr-T2, respectively. An R signal is stored 
in a memory C11 connected to column data line 
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D1, and a B signal is stored in a memory C21. 
Similarly, a B signal is stored in a memory C12 of 
column data line D2 and a G signal is stored in a 
memory C22. Outputting of signals from the signal 
lines 31. 32 and 33, 31 \ and 32' and 33' to the 
memory circuits 100 and 200 is controlled by bit 
pulses H 1n and H 2n from a horizontal shift register, 
respectively. 

A line control line Vn connected to the gate of 
the switching transistor of each pixel is connected 
to an interlace control circuit 300. The gate elec- 
trode of the switching transistors of the interlace 
control circuit 300 is connected to the vertical 
scanning circuit 20. gate pulses 4>Go. 4>Ge and 4>G 
being applied to the source electrode, respectively. 

Fig. 11 is a schematic block diagram of the 
embodiment shown in Fig. 10. The horizontal scan- 
ning circuits 30-1 and 30-2, and memory circuits 
1 00 and 200 are disposed respectively in the upper 
and lower portions of the panel (liquid-crystal dis- 
play element) 10. The signals from a picture re- 
cording/reproducing unit 60 are input to both the 
signal processing circuit 40 and the control circuit 
50, and the signals from the control circuit 50 are 
input to both the horizontal scanning circuits 30-1 
and 30-2. The signals from the signal processing 
circuit 40 are input to both the memory circuits 1O0 
and 200, which are distributed to two portions 
similarly to that described above. Further, the sig- 
nals from the control circuit 50 are also input to the 
vertical scanning circuit 20 and the signal process- 
ing circuit 40. 

Fig. 12 is a timing chart illustrating the embodi- 
ment shown in Fig. 10. R (G and B) shown in the 
figure designate signals input to the signal lines 31 
to 33, and 31 ' to 33\ Each, of the color signals is 
stored temporarily in the memories 100 and 200 in 
accordance with pulses <f>H 1n and 4>H 2n of the hori- 
zontal scanning circuit. R, B and G signals are 
each sampled in sequence by pulse <J>H ln , and B, 
G and R signals are each sampled in sequence by 
pulse 4>H 2n . As shown, $H 1n is 180 degrees out of 
phase with <J>H 2n . 

When the horizontal effective scanning period 
is terminated, gate pulse <J>Go (P2) is applied to the 
row control line (gate line) V1, and a reset pulse <t>c 
(P1) is applied at the same time. Therefore, the 
pixel connected to the row control line V1 and the 
column control line is reset to electrical potential 
Vc. 

Although the reset electrical potential is prefer- 
ably a black electrical potential, it may be an 
intermediate electrical potential of an inverted sig- 
nal. Next. <t>c is turned off, and transfer pulse <|>T1 
(P3) is turned on so that the signal charge of the 
memory 100 is written in the pixel connected to the 
gate line V1 . 



Subsequently.- the gate pulse reset <*>Ge (P5) is 
applied to the gate line V2, and the reset pulse <f>c 
(P2) is applied thereto, causing the pixel and the 
column electrode line to be reset. Then, pulse <f>T2 
5 (P6) is turned on, causing the signal charge of the 
memory 200 to be written in the pixel connected to 
the gate line V2. In the next field, gate pulses <f>Ge 
and <f>G are applied (not shown) to the interlace 
control circuit 300 so that interlace drive is per- 
70 formed. 

With such a construction, it is possible to dis- 
play an image having excellent horizontal and verti- 
cal resolutions and free from flicker. 

75 [Second Embodiment] 

Fig. 13 shows another preferred embodiment 
of the present invention. 

In this embodiment, the panel construction is 

20 the same as that shown in Fig. 10, but input signals 
are different. More specifically, although in the 
above-described embodiment, the same signals of 
R, G and B are written in two lines of pixels in a 
state in which the sampling phase is varied, in this 

25 embodiment, odd-number field signals are stored 
in the memory 100 and even-number field signals 
are stored in the memory 200 from the frame 
memory 70, and both the odd- and even-number 
field signals are displayed at the . same time. Based 

30 on this drive, it is possible to obtain an excellent 
image having high horizontal and vertical resolu- 
tions and free from flicker. 



35 



[Third Embodiment] 



Still another preferred embodiment of the 
present invention will be explained. 

Fig. 14 is a schematic diagram illustrating this 
embodiment. The reference numerals in Fig. 14 
40 which are the same as those in Fig. 10 indicate the 
same member or function. The difference between 
Fig. 14 and Fig. 10 is that a delay circuit 15 is 
provided in this embodiment, and pulses H In and 
H 2n are applied in correspondence with a plurality 
45 of switches. In Fig. 14, column data lines D1, D2, - 
D n are each so designed that any one of a B and 
G, R and B, and G and R combination is formed, 
and distributed so that one of them is on the left 
side and the other on the right side, 
so Specifically, reference numeral 15 denotes a 

delay circuit. A delay time 2T is a space sampling 
cycle between one line of pixels, which is about 90 
ns when the number of horizontal pixels is 600. 
Since the B and R signals are made in phase with 
55 the G signal, the delay of the B signal becomes 4T, 
which corresponds to two pixels, and the delay of 
the R signal becomes 2T, which corresponds to 
one pixel. As a result, video signals can be stored 
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in the memory 100 or 200 in units of three pixels 
by one operation. 

That is, pulses Hi n and H 2n are each applied in 
parallel to three switches, and R. G and B signals 
are sampled simultaneously in accordance with this 
pulse and then temporarily stored in the memory. 
For example, B1, R1 and G1 signals are stored in 
the capacitors C11, C12 and C13, and B2, R2 and 
G2 signals are stored in the capacitors C22, C22 
and C23. 

Fig. 15 is a timing chart of each signal in the 
embodiment shown in Fig. 14. R (G and B) shown 
in the figure designate signals input to the signal 
lines 31 to 33, and 31 ' to 33\ Each color signal is 
stored temporarily in the memories 100 and 200 in 
accordance with the pulses H1n and H2n from the 
horizontal scanning circuit 30-1. The B, R and G 
signals are simultaneously sampled in accordance 
with pulse Hin, and the B, R and G signals are 
simultaneously sampled in accordance with pulse 
H2n. As shown in the figure, H1n is 180 degrees 
out of phase with H2n. 

When the horizontal effective scanning period 
is terminated in this manner, gate pulse 4>Go (P2) 
is applied to the row control line (gate line) V1, and 
a reset pulse <£c (P1) is applied at the same time. 
Therefore, the pixel connected to the row control 
line V1 and the column control line are reset to 
electrical potential Vc. Although the reset electrical 
potential is preferably a black electrical potential, it 
may be an intermediate electrical potential of an 
inverted signal. Next, <f>c is turned off, and transfer 
pulse <f>T1 (P3) is turned on so that the signal 
charge of the memory 100 is written in the pixel 
connected to the gate line V1 . 

Subsequently, the gate pulse reset <f>Ge (P5) is 
applied to the gate line V2, and the reset pulse <t>c 
(P2) is applied thereto, causing the corresponding 
pixel and the corresponding column electrode line 
to be reset. Then, pulse £T2 (P6) is turned on, 
causing the signal charge of the memory 200 to be 
written in the pixel connected to the gate line V2. 
The same operation is repeatedly performed for 
one field period. In the next field, gate pulses <*>Ge 
and <f>G are applied (not shown) to the interlace 
control circuit 300 so that interlace drive is per- 
formed. 

With such a construction, it is possible to dis- 
play an image of very high horizontal and vertical 
resolutions and free from flicker. 

The construction of Fig. 11 is applicable to the 
schematic block diagram of this embodiment. In 
this case, a signal delay circuit may be disposed in 
the signal processing circuit 40. Of course, the 
signal delay circuit may be disposed separately 
from the signal processing circuit 40. The illustra- 
tion of the interlace control circuit 300 is omitted in 
Fig. 11. 



In other words, in this embodiment, a signal 
from the signal delay means 15 which synchro- 
nizes the timing of sampling image signals of each 
color is supplied to the above-mentioned memory 

5 circuit. Also, the drive signal supplying means 
scans the line of each pixel by interlace scanning 
and supplies a drive signal, and has two memory 
circuits provided in the upper and lower portions, 
signals sampled by these are supplied to the drive 

70 signal applying means for applying signals to two 
lines of adjacent pixels which are scanned in pairs. 

[Fourth Embodiment] 

75 Next, a description will be given of another 

preferred embodiment of the present invention, 
which is a modification of the above-described em- 
bodiment. In this embodiment, an explanation will 
be given in which the panel construction is the 
20 same as that shown in Fig. 14, but input signals are 
different. The schematic block diagram of this em- 
bodiment is similar to Fig. 13 described above. 

Although in the above-described embodiment, 
the same signals of R, G and B are written in two 
25 lines of pixels in a state in which the sampling 
phase is varied, in this embodiment, odd-number 
field signals are stored in the memory 100 and 
even-number field signals are stored in the mem- 
ory 200 from the frame memory 70, and both the 
30 odd- and even-number field signals are displayed 
at the same time. 

In this embodiment, the drive signal supplying 
means supplies simultaneously sampled signals of 
each color to the drive signal applying means for 
35 one line or adjacent two lines of pixels. In this case 
also, needless to say, B and G signals are delayed 
by the delay circuit 15, making it possible to han- 
dle a plurality of pixels by one operation. Based on 
this drive, it is possible to obtain very high image 
40 performance at the horizontal and vertical resolu- 
tions and an excellent image free from flicker. 

More specifically, in this embodiment, the 
above-described memory circuit is provided with a 
means 801 for distributing synchronized image sig- 
45 nals of each color in order to delay the signals, and 
samples the delayed signals together with the syn- 
chronized image signals of each color. It is prefer- 
able in the above-described embodiment that the 
sampling timings in the two memory circuits de- 
50 scribed above be shifted by 1/2 cycle from each 
other, and the horizontal displacement between the 
adjacent lines be one half of the repeat pitch. 

In the above-described third embodiment, 
since signals of each color are sampled simulta- 
55 neously, the circuitry is not complex, the sampling 
frequency is reduced, and the sampling period is 
lengthened in comparison with a case in which the 
signals are sampled for each signal of each color. 
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Therefore, a display more faithful to the input im- 
age signals is made, sampling pulses are reduced, 
and power consumption is reduced. 

Still another embodiments of the present inven- 
tion are shown in Figs. 16 to 19. 

[Fifth Embodiment] 

Fig. 16 shows a modification of the embodi- 
ment shown in Fig. 14, in which the connection of 
the pixels to the column data lines is changed so 
that the pixels of the same color are connected to 
one column data line alternately on the right and 
left for each line. 

[Sixth Embodiment] 

Fig. 17 shows an example in which color sig- 
nals are sampled simultaneously for two lines of 
pixel columns. In this embodiment, since two lines 
of pixel signals B1, R1 and G1 (B2, R2 and G2) are 
sampled at the same time and the horizontal spa- 
tial sampling frequency becomes one half of that of 
the embodiment of Fig. 14. the delay time of the 
delay circuit 15 becomes one half (however, the 
substantial spatial sampling frequency of two lines 
is equal to that of the embodiment of Fig. 14). 
Therefore, when the delay circuit 15 is formed of 
an analog circuit, a high-quality image can be ob- 
tained because a signal having a shorter delay time 
has generally high phase characteristics. 

[Seventh Embodiment] 

Fig. 18 shows an embodiment in which the 
method of connecting pixels is the same as that of 
the embodiment shown in Fig. 16. Since color 
signals of two lines of pixel columns are sampled 
simultaneously, this embodiment has the same ad- 
vantage as the embodiment shown in Fig. 17. 

[Eighth Embodiment] 

Fig. 19 shows an embodiment in which, to 
further reduce the drive frequency of the horizontal 
scanning, the three signal lines of B, R and G are 
formed into six signal lines via a delay circuit 801 
for 6T. In this embodiment, when sampling is per- 
formed simultaneously from these six signal lines, 
the horizontal drive frequency becomes one hall 
even further. 

[Ninth Embodiment] 

Although the above-described embodiments 
describe an example in which image signals are 
distributed to the memory circuits 100 and 200, 
respectively, only one of the memory circuits 100 



and 200 may be provided. 

Fig. 20 is a schematic block diagram of this 
embodiment The circuits having the same opera- 
tion or function in Fig. 20 as those in Fig. 4 are 

5 given the same reference numerals. In this embodi- 
ment, two image input writing means are disposed 
for one vertical data line; the first writing means 
thereof are a sampling circuit 430-B and a horizon- 
tal scanning circuit 440-B, and the second writing 

70 means thereof are a scanning circuit 430-A, a hori- 
zontal scanning circuit 440-A, and a temporary 
storage circuit 470. In other words, in this embodi- 
ment, the temporary storage circuit 470, which is a 
memory circuit, is disposed in only the second 

75 writing means side. 

The color signals branch to a system in which 
the signals are output directly to the sampling 
circuit 430-B from the temporary storage circuit 
470 and to a system in which the signals are 

20 output to the scanning circuit 430-A via an amplifier 
480. 

Since the temporary storage circuit 470 is gen- 
erally formed of a capacitance, if the signal is 
transferred from the storage circuit to the pixel 

25 capacitance via the vertical data line, the capaci- 
tance is divided mainly because of the parasitic 
capacitance of the vertical data lines, and the am- 
plitude of the signal is decreased. The amplifier 
480 is provided to compensate for this decrease in 

30 the signal amplitude. 

Fig. 21 schematically shows an example of an 
equivalent circuit of this embodiment. As shown in 
Fig. 21, in one vertical data line 414, the pixels of 
the same color of the display element section 410 

35 are arranged distributed alternately on the left and 
right for every other line. Also, each pixel is pro- 
vided with an unillustrated switching element, mak- 
ing it possible to supply a display signal to each 
pixel electrode (not shown) by selecting the gate. 

40 One of the main electrodes of a reset transistor 

417 is connected to each vertical data line 414, and 
the other is connected to the reset electrical poten- 
tial Vc. The control electrodes of a plurality of reset 
transistors 417 connected to each of the vertical 

45 data line 414 are electrically connected to each 
other, making it possible for the plurality of reset 
transistors 417 to be driven simultaneously. 

The temporary storage circuit 470 has a tem- 
porary storage capacitance 41 8 (C T ) and a transfer 

so transistor 419 for transferring signal charge stored 
in the temporary storage capacitance 418 to the 
vertical data line 414. In this embodiment, similarly 
to the reset transistor 417, the respective control 
electrodes of the plurality of transfer transistors 41 9 

55 are electrically connected in common, making it 
possible for them to be driven simultaneously. 

Fig. 22(A) shows an example of a drive timing 
in accordance with this embodiment. In each of the 
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pulses shown, each transistor conducts in a "high" 
period. 

In the T1 period, by making pulse 4>c reach a 
high state, the reset transistor '417 is made to 
conduct, and the vertical data line 414 is reset to 5 
the electrical potential Vc. Next, when the horizon- 
tal scanning pulse <#>H1 (h11, h12 -) and the verti- 
cal gate pulse <pgZ are each made to reach a high 
state in the T2 period, the color signals (R, G and 
B) are written directly in the pixels (g2) of each w 
line. Also, when the horizontal scanning pulse <#>H2 
(h21 t h22 ") are each made to reach a high state, 
the color signals (R\ G' and B') are stored in the 
temporary storage capacitance 418 of the tem- 
porary storage circuit 470. When the T2 period is 75 
terminated, the vertical gate pulse 4>g2 reaches a 
low state, causing the pixel transistors of the row 
pixels not to conduct, and thus the written voltage 
is maintained. 

In the T3 period, the reset transistor 417 is 20 
made to conduct by making the pulse 4>c reach a 
high state, the remaining charge of the vertical data 
line 414 is removed, and the data line is reset to 
the reference electrical potential Vc. Then, in the 
T4 period, the transfer transistor 419 is made to 25 
conduct by making the pulse 4>c reach a high state, 
and the row pixel (g1) is made to conduct by 
making the pulse <f>g1 reach a high slate, the color 
signals (R\ G' and B') of the temporary storage 
capacitance 418 are transferred and then written. 30 
At this time, the signal level of the signals written in 
the row pixel (g1) is decreased due to the division 
of capacitance, the level becomes equal to the 
signal level written in the previous pixel line (g2) 
because the signal is amplified beforehand. 35 

In this way, the color signals from the signal 
processing circuit 450 has been written and held in 
two row pixels at different timings by a series of 
driving during one horizontal scanning period from 
Tl to T4 periods. Therefore, the sampling fre- 40 
quency of the image signal becomes twice as high 
as in the prior art between two row pixels. Thus, 
the resolution is improved, and core moire caused 
by sampling looping distortion can be reduced. 

The deviation of start timings between pulses 45 
<f>H1 and 4>H2 and h11 and h22 in Fig. 22(A) takes 
into consideration the deviation for 1 .5 pixels in the 
spatial arrangement of the signals of the same 
color between two row pixels. 

In Fig. 21 , g t (i = 1 , 2 ~) may be a gate line of a 50 
three-terminal type switching element or facing 
scanning pole thereof. That is, the intersection 414 
of gj (i = 1 , 2 ■-) and the data line may be a thin film 
transistor (TFT) or a diode (including a metal-in- 
sulator-metal (MIM)). 55 



[Tenth Embodiment] 

A tenth embodiment will now be described. 
The tenth embodiment is the same as the ninth 
embodiment except the drive timing. The drive 
timing of the tenth embodiment is shown in Fig. 
22(B). The sampling timings of <f>H2 and <£H2 are 
the same as those in Fig. 21 (A). 

In this embodiment, image signals sampled by 
the sampling circuit 430-B in the T2 period are 
temporarily stored in the wiring capacitance of 
each of the vertical data lines, and the stored 
signals are transferred to a corresponding pixel in 
accordance with the pulse <£g2 in the T3 period. 
Next, the data line is reset to the reference elec- 
trical potential Vc in the T3' period, and the signal 
of the temporary storage capacitance 418 is trans- 
ferred to the corresponding pixel by turning the 
pulse $>g1 and <f>T high in the T4 period. 

If the voltage of the gate line is fluctuated when 
a signal is applied depending upon the characteris- 
tics of the switching element, the pixels in a line 
other than the line at which the pixels are to be 
written may fluctuate and leak. However, according 
to this embodiment, there is no crosstalk or leak, 
and it is possible to obtain a stable image by 
merely providing a memory on one side. 

[Eleventh Embodiment] 

Fig. 23 shows an eleventh embodiment of the 
present invention. 

In this embodiment, by providing a buffer cir- 
cuit 400-B in the stage anterior to the data line 414 
on the storage circuit 470 side, it is possible to 
prevent the signal from decreasing due to the 
division of capacitance and to make the amplifier 
480 described in the embodiment in Fig. 20 unnec- 
essary. Also, by providing a buffer circuit 400-A in 
the stage anterior to the data line 414 on the 
sampling circuit 430 side, it is possible to cancel a 
fixed offset voltage between the buffer circuits 400- 
A and 400-B. 

In Fig. 23. <*>Td and <f>Ts designate each a 
power-supply control pulse. It is possible to de- 
crease consumption of power by supplying power 
to the buffer circuit only when a signal charge is 
transferred to the pixel. The pixels of the display 
section 410 are not illustrated. 

• According to the present invention, as de- 
scribed above, a liquid-crystal display apparatus 
capable of displaying a higher-resolution and high- 
er-quality image than before, and a method of 
driving the liquid-crystal display apparatus are pro- 
vided. Also, according to the present invention, a 
liquid-crystal display apparatus capable of display- 
ing a high resolution image in such a simple con- 
struction that two image input means are provided, 
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and a method of driving the liquid-crystal display 
apparatus are provided. Also, an active matrix type 
liquid-crystal display apparatus, which consumes a 
small amount of power, has "a small size and is 
inexpensive because no frame memory is used, 5 
and a method of driving the liquid-crystal display 
apparatus are provided. 

In addition, according to the present invention, 
it is possible to easily switch colors and to easily 
drive a high-resolution color liquid-crystal display w 
apparatus. Also, even if two colors are arranged in 
column electrode lines alternately, the colors are 
not mixed, and a small amount of power is required 
since the horizontal scanning circuit can be op- 
erated at a normal drive frequency. Furthermore, 75 
according to the present invention, it is possible to 
display an image having a high horizontal and 
vertical resolution and free from flicker. 

In addition, according to the present invention, 
it is possible to considerably reduce the horizontal 20 
drive frequency to lengthen the sampling time. 
Therefore, it becomes possible to make a high- 
resolution display faithful to the image signal and to 
reduce consumption of power. 

Although not described in the above descrip- 2s 
tion, it is preferable that the polarity applied to the 
liquid crystal be inverted to a reverse polarity al- 
ternately (inversion driving). In this case, the sig- 
nals distributed to the upper and lower portions 
may have polarities opposite to each other, or the 30 
polarity may be inverted for each field. 

Although in the above description, an example 
is explained in which three colors of R, G and B 
are used, other colors may be combined addition- 
ally as required. Needless to say, mono-color such 35 
as white and black, or two color display may be 
used. 

The present invention is not limited to a color 
pixel arrangement. The present invention is ap- 
plicable by varying the timing of the sampling 40 
circuit appropriately in accordance with the color 
pixel arrangement. 

In the present invention, needless to say, the 
second horizontal scanning circuit, in addition to 
being disposed in a side opposite to the first hori- 45 
zontal scanning circuit, may be disposed in the 
same side. 

Many different embodiments of the present in- 
vention may be constructed without departing from 
the spirit and scope of the present invention. It 50 
should be understood that the present invention is 
not limited to the specific embodiments described 
in this specification. To the contrary, the present 
invention is intended to cover various modifications 
and equivalent arrangements included within the 55 
spirit and scope of the claims. The following claims 
are to be accorded the broadest interpretation, so 
as to encompass all such modifications and equiv- 



alent structures and functions. 

A liquid-crystal display apparatus which im- 
proves horizontal and vertical resolutions and is 
capable of displaying a high-quality image free 
from flicker is provided. Pixels of each color are 
arranged in a delta form, color selected from the 
pixels of each color is connected to a column data 
line, at least one memory circuit is disposed in 
correspondence with the selected color, and image 
information is supplied to each pixel in such a way 
that the image information is distributed to the 
upper and lower portions of the column data line. 

Claims 

1. A liquid-crystal display apparatus, comprising: 

a plurality of pixels, arranged in a matrix 
form, each of which has a switching element; 

a horizontal scanning circuit for generating 
a signal used to sample an image signal sup- 
plied to said pixel; 

a vertical scanning circuit for selecting the 
row of said pixel; 

first writing means including a first horizon- 
tal scanning circuit disposed in one side of a 
plurality of data lines connected in common to 
the row of said pixels; 

a second horizontal scanning circuit dis- 
posed in one side of said data lines; and 

a second writing means having storing 
means for storing image signals sampled by 
said second horizontal scanning circuit. 

2. A liquid-crystal display apparatus according to 
claim 1, wherein said first and second writing 
means supply signals to different rows of pix- 
els. 

3- A liquid-crystal display apparatus according to 
claim 1 , wherein said first writing means further 
has storing means for storing image signals 
sampled by said first horizontal scanning cir- 
cuit. 

4. A liquid-crystal display apparatus according to 
claim 1, wherein said plurality of pixels have 
filters of colors selected from at beast three 
different colors. 

5. A liquid-crystal display apparatus according to 
claim 3, wherein image signals are input to 
said first and second writing means via signal 
delay means. 

6. A liquid-crystal display apparatus according to 
claim 5, wherein said image signals are signals 
based on image data of red (R), green (G) t and 
blue (B), respectively. 
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7. A liquid-crystal display apparatus, wherein 
horizontal pixel lines in which pixels corre- 
sponding to different three colors are repeat- 
edly arranged horizontally in sequence in a 
predetermined order are arranged vertically in 
a plurality of lines as a result of pixels cor- 
responding to the same color of the adjacent 
lines being shifted by a predetermined amount, 
and adjacent two vertical pixels of said pixel 
columns which are formed at every other line 
and correspond to the same color are con- 
nected to the same column data line, a mem- 
ory circuit for storing image information and a 
horizontal scanning circuit for supplying the 
image information stored in each of said mem- 
ory circuits to said memory circuit being dis- 
posed at both ends of said column data lines. 

8- A liquid-crystal display apparatus according to 
claim 7, wherein pixels corresponding to the 
same colors in said adjacent lines are shifted 
by 1^ pitches. 

9. A liquid-crystal display apparatus according to 
claim 7, wherein said memory circuit has 
switching means and storing means. 

10- A liquid-crystal display apparatus according to 
claim 7, wherein said image information having 
color information corresponding to at least 
three different colors is input to said memory 
circuit. 

11. A liquid-crystal display apparatus according to 
claim 7, further comprising a signal processing 
circuit for supplying image information to each 
of said memory circuits. 

12. A liquid-crystal display apparatus according to 
claim 11, wherein said signal processing circuit 
is common to each of said memory circuits. 

13. A liquid-crystal display apparatus according to 
claim 11, wherein said signal processing cir- 
cuits are disposed in correspondence with said 
respective memory circuits. 

14. A liquid-crystal display apparatus according to 
claim 7, wherein said memory circuit has a 
reset switch for resetting a memory. 

15. A liquid-crystal display apparatus according to 
claim 7, wherein said pixel has a switching 
element and a pixel electrode. 

16. A liquid-crystal display apparatus according to 
claim 7, wherein said three different colors are 
red (R), green (G). and blue (B). 



17. A liquid-crystal display apparatus according to 
claim 7, further comprising signal delay means 
for synchronizing the sampling timing of image 
signals corresponding to said three different 

5 colors of image information stored in said 

memory circuit. 

18. A liquid-crystal display apparatus according to 
claim 11, wherein said signal processing circuit 

to comprises signal delay means. 

19. A liquid-crystal display apparatus according to 
claim 17, wherein said signal delay means 
comprises a delay circuit having different delay 

75 times for each of said three different colors. 

20. A liquid-crystal display apparatus according to 
claim 17, in addition to said signal delay 
means, further comprising delay means for de- 

20 laying image signals corresponding to said 

three different colors for a predetermined time. 

21. A method of driving a liquid-crystal display 
apparatus comprising: a plurality of pixels, ar- 

25 ranged in a matrix form, each of which has a 

switching element; a horizontal scanning circuit 
for generating a signal used to sample an 
image signal supplied to the pixel; and a verti- 
cal scanning circuit for selecting the row of 

30 said pixel, the method comprising the steps of: 

(a) writing image data sampled by the first 
horizontal scanning circuit disposed in one 
side of a plurality of data lines connected in 
common to said pixel rows at a first row of 

35 the row of said pixels; 

(b) storing image data sampled by the sec- 
ond horizontal scanning circuit disposed in 
one side of said data lines; and 

(c) writing the stored image data in the row 
40 which is the row of said pixel and is adja- 
cent to said first row. 

22. A method of driving a liquid-crystal display 
apparatus according to claim 21, wherein said 

45 step (a) comprises the steps of: (d) storing 

said sampled image data, and (e) writing the 
stored image data. 

23. A method of driving a liquid-crystal display 
50 apparatus according to claim 21, comprising 

the steps of: (f) delaying image data before 
said sampling steps (a) and (b). 

24. A method of driving a liquid-crystal display 
55 apparatus according to claim 22, wherein said 

step (d) is a step in which electric charge is 
stored in the capacitance of said data line. 
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25. A method of driving a liquid-crystal display 
apparatus, wherein horizontal pixel lines in 
which pixels corresponding to different three 
colors are repeatedly arranged horizontally in 
sequence in a predetermined order are ar- 5 
ranged vertically in a plurality of lines as a 
result of pixels corresponding to the same col- 
or of the adjacent lines being shifted by a 
predetermined amount, and adjacent two verti- 
cal pixels of said pixel columns which are to 
formed at every other line and correspond to 

the same color are connected to the same 
column data line, said method comprising the 
steps of: distributing, as writing means of two 
systems, information signals having image in- 75 
formation and corresponding to the colors of 
the pixels connected to said column data lines 
according to each color, and supplying the 
signals to the corresponding pixels. 

20 

26. A method of driving a liquid-crystal display 
apparatus according to claim 25, wherein said 
information signals distributed to the upper and 
lower portions are transferred to each desired 

line after the signals are stored. 25 

27. A method of driving a liquid-crystal display 
apparatus according to claim 25, wherein said 
information signals are delayed by a predeter- 
mined time in correspondence with said said 30 
three different colors before the signals are 
distributed into the upper and lower portions. 

28. A method of driving a liquid-crystal display 
apparatus according to claim 27, wherein said 35 
information signals are further delayed by a 
predetermined time before the signal is sam- 
pled. 

29. A method of driving a liquid-crystal display 40 
apparatus according to claim 25, wherein the 
sampling timings of said information signals 
distributed to the upper and lower portions are 
different. 

45 

30. A method of driving a liquid-crystal display 
apparatus according to claim 17, wherein a 
delay time is different for each of said three 
different colors between adjacent two pixel 
lines. 50 
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